Multi-energy supply systems are expected to play an important role in smart grids. Today's energy supply systems are large nodes networks, and different types of energy are needed at each node to satisfy the different energy demands. These different types of energy can then be converted to each other through specific devices. How to decide the ratings of these devices at each node to make the system cost-effective is addressed in this paper. The focus is set on a gas/electricity/heat hybrid network. A hydrogen storage system (fuel cell, electrolyzer, and tanks) is used as electricity storage system, a combined heat and power device is used to produce heat and electric power, etc. A mixed integer linear programming algorithm is used to determine the optimal operation schedule of the system, where the goal is to minimize shed load. A genetic algorithm is also used to search for the best size of each component, where the goal is to minimize the total investment costs. In order to resist to contingency events, betweenness centrality (describing the relative importance of each node) is then used to find the worst case under contingency events. This worst case scenario is used to research about the influence of contingencies on the sizing results. At last, two cases (modified 13-node network and IEEE 30 + Gas 20 + Heat 14 nodes system) are tested using the proposed sizing method. The results show that the renewable energy location, investment cost of components, and the structure of the whole system influence the sizing results. When the installed capacity of photovoltaic panels is reduced by 50%, the capacity of the electrolyzer decreases by 3%, the capacity for the hydrogen tanks increases by 2%; when the investment cost of the fuel cell and electrolyzer decreases by 50%, the capacity of photovoltaic increases by 14%, the electrolyzer increases by 13%, and hydrogen tanks increase by 2%. After considering the worst case contingency event, for case I, the capacity of photovoltaic and fuel cell increase by 12% and 11%, and the electrolyzer increases by 34%; for case II, the capacity of photovoltaic and fuel cell increase by 8% and 11%, and the electrolyzer increases by 57%.
Parameters

12
α penalty values for load shedding of gas demands based on a given multi-energy network topology? In this work, 78 a modified 13-node network is considered, and three types of 79 gas/electricity/heat load demands are served. The selected elec-80 tricity network is the IEEE 13-node network [1] , and the gas 81 and heating networks are assumed to have the same structure, as 82 shown in Fig. 1 ). In this figure, HS represents a hydrogen stor- program (considering electricity and natural gas demands). The 100 goal is to maximize the natural gas and electricity utility compa- nies' profit and to minimize the customers' consumption cost.
102
The problem is formulated as a non-cooperative game.
103
For MG, the emphasis is on islanded operation ability, which is shown in Fig. 2 .
116
Figure 1: Gas/electricity/heat network structure. A multi-energy MG can interconnect with the utility grid,
117
and can also operate in islanded mode. When the utility grid 118 is severely damaged under natural disasters, the islanded MG
119
can still operate to supply the load demands using the local re-tingency events.
138
The remainder of this paper is organized as follows. 
288
Works about the co-planning of natural gas and power elec- term co-optimization planning model which incorporates nat-300 ural gas infrastructure planning with power system planning.
301
The investment problem is formulated to optimally determine 302 appropriate candidates for generating units, transmission lines,
303
and natural gas pipelines. The second subproblem is the power 304 system feasibility and optimality (minimizing the load curtail-305 ment). The third subproblem is the natural gas transportation 306 feasibility (minimizing the nodal natural gas load imbalance).
307
At last, the power system reliability is evaluated. Assume that a hybrid multi-energy supply network contains 394 N nodes, and at each node i = 1, ..., N, PV panels are connected.
395
The capacity of a PV source at each node is noted P For the operation problem, the goal is to minimize the load shedding of gas/electricity/heat demands, and ensure the reliability of the whole system. The objective function can then be written as:
where α, β, and γ are penalty values for load shedding of 
where P gas,m,n,t line is the gas power flow from node m to node n at 414 time t; P gas,m,n,max line is the maximum gas power flow from m to n; 
426
The H 2 storage tanks constraint is:
428
For the CHP, the following characteristics are used [31] . First, the power generation:
Available waste heat value of flue gas:
Available waste heat value of cylinder water:
Recovery heat from CHP: 
435
The gas power balance constraint is:
gas − LS i,t gas ) = P gas,X→i,t line (10) The electricity power balance constraint is:
The heat power balance constraint is: (12) where P gas,X→i,t line is the gas power flow from node X to i at 436 time t, with X representing all nodes that connect with node i. 437 e f f GT H is the efficiency of GTH to produce heat; e f f CHP is the 438 gas utilization efficiency of CHP to consume gas; e f f heat is the For the sizing problem, the objective is to minimize the total investment cost. So the objective function can be written as: 
448
In summary, the sizing problem of the hybrid gas/electricity/heat system can be written as follows:
(2), (3), (4), (5), (6), (7), (8), (9), (10), (11), (12) (14) 3.3. Considering the contingency events
449
In large nodes hybrid networks, contingency events must be considered to maximize reliability. In this section, the influence of contingency events on the sizing results is developed. A large number of contingency events can be listed, and it is impossible to consider all cases. So a robust method can be used to find the worst case. The sizing problem can then be described as follows: 
460
In this paper, the worst case is obtained based on graph theory. For a large nodes hybrid network system, the relative importance of each node is ranked. The case where the most important node is destroyed under the contingency event is the worst case. The relative importance of each node in the graph is described using betweenness centrality [35]:
where n k → n l , n i is 1 if the shortest path between nodes n k to 461 n l goes through n i , and 0 if n k to n l does not pass through n i .
462
Under the worst case, the new structure of the whole system 
479
Sources ratings data is shown in Tab Comparing case 1 and case 3, it can be seen that in case 3, 534 the capacity of PV is larger than that in case 1 (increases by 535 14%). This is because the hydrogen storage system is competi-536 tive and can be used frequently. This is due to the reduction in 537 the investment cost of the fuel cell and the electrolyzer, which 538 makes the hydrogen storage more competitive. Then more PV 539 panels can be installed, which leads to a larger capacity for the 540 electrolyzer (increases by 13%). More power can in turn be 541 produced by PV, which leads to a larger capacity for the ETH
542
(increases by 40%). A larger capacity for the ETH also leads to 543 a smaller GTH (decreases by 13%).
544
Comparing these three cases, it can be seen that the sizing 545 results of PV, ETH, GTH, and CHP change, obviously. This is 546 because their costs are more competitive than that of the fuel 547 cell and the electrolyzer, which has a larger ability to minimize 548 the objective function. to store the surplus energy. In Fig. 7 , the CHP and GTH pro-560 duce the main heat energy, and the fuel cell and ETH produce 561 the remaining heat. Imported/exported heating energy through 562 pipeline 6 is also important to keep the energy balance at node 563 7. Fig. 8 shows that gas imports through gas pipeline 6 are the 564 main method to supply gas loads at node 7. Fig. 9 shows the state of hydrogen tanks at all nodes. It can be seen that the stor-566 age system can be used to keep the power balance in the whole 567 system: through the fuel cell, hydrogen tanks can produce elec-568 tricity and heat to supply the load demand, and through the elec-569 trolyzer, the surplus electricity can be stored in hydrogen tanks 570 using H 2 .
571
From the scheduling results, the output of some power de- 
578
Based on section 3.3, the worst case can be obtained using 579 graph theory. For this 13-node hybrid network system, the rel- As the failure probability of gas pipelines and heat pipelines The above simulation shows that the structure of the whole 616 system also influences the sizing results of each component.
617
This is because the interconnection structure of the system can 618 influence the energy flow in the whole system, which will then 619 influence the utilization of the power devices, and at last, the 620 sizing results will be different. MG4 are connected at nodes h9, h10, h4 and h13, respectively.
659
The configuration of this hybrid system is summarized in Tab. g12  h6  Heating 11  -g11  h11  MG1  e23  g7  h9  MG2  e17  g6  h10  MG3  e14  g15  h4  MG4  e7  g10  h13 The sizing results for these four MG are shown in Tab. 11. 
671
The structure of this hybrid system is then analyzed to obtain 672 shows the graph structure of the hybrid system. Fig. 23 then   674 shows the betweenness centrality, which shows that the most 675 important node is e6 (electrical network node 6). The worst 676 case of this hybrid network is then defined, which is when the 677 connections between node 6 and the other nodes are removed. Tab. 12 shows the sizing results when the connections be-682 tween node 6 and other nodes is removed, namely, remove 683 e6 ↔ e2, e6 ↔ e4, e6 ↔ e7, e6 ↔ e8, e6 ↔ e9, e6 ↔ e10, 684 and e6 ↔ e28. In this paper, a co-optimization method is presented to size 696 distributed generation in a hybrid gas/electricity/heat network.
697
Mixed integer linear programming is used to control the oper-698 ation of the whole system, which aims to minimize load shed- 
